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Abstract
Solar energy is rapidly gaining the focus as an important means of expanding renewable energy uses. Different Programs have
been used in Photovoltaic (PV) Design but all of them have the design parameters fixed cannot be changed, also the devices that the 
programs offer cannot be changed and most of them are not available in Iraq. This paper presents a programming of Off-Grid 
Photovoltaic System Design Software (PVSD) using Visual Basic to work with Iraq Condition; also this program will contain all
the PV modules, Battery, Inverter and Charge Controller which are available in the market with their detail.  This PV design
program will have all the electrical calculation you need to design and select the components of PV system with their price and all 
the print out will be ready as a full report about the system designed. This program draw the electrical design of the system
designed as it will contain the actual parameters for Iraq Conditions. A project has been designed using this program and has been 
implemented in Ministry of Science and Technology and it's working with the same results. The experimental results have been 
compared with the theoretical results and it shows the accuracy of this program.
© 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of the TerraGreen Academy.
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1. Introduction
Photovoltaic (PV) is a method of generating electrical power by converting solar radiation into direct current
electricity using semiconductors that exhibit the photovoltaic effect. Photovoltaic power generation employs solar 
modules composed of a number of solar cells containing a photovoltaic material. Due to the growing demand for 
renewable energy sources, the manufacturing of solar cells and photovoltaic arrays has advanced considerably in 
recent years [1, 2].
Solar photovoltaic systems are growing rapidly, starting from a small base, to a total global capacity of 40,000 MW 
at the end of 2010. More than 100 countries use solar PV. Installations may be ground-mounted (and sometimes 
integrated with farming and grazing) or built into the roof or walls of a building (building-integrated photovoltaic
system) [3].
    Renewable energy programs have been widely used in worldwide in term of Simulation, Economical Evaluation,
Analysis, Planning, Monitoring and Control [4]. In Iraq most of the real time readings are different from what has
been used in these programs such as average irradiation, products and prices.  Therefore, a new program has been
designed using Visual Basic (VB) with all Iraq conditions and all parameters can be changed manually depending on
the place, also this program contains products that can be found in Iraq with their details and prices.
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     Visual Basic is the third-generation event-driven programming language and integrated development environment 
(IDE) from Microsoft for its COM programming model. Visual Basic is relatively easy to learn and use. Visual Basic 
was derived from BASIC and enables the rapid application development (RAD) of graphical user interface (GUI) 
applications, access to databases using Data Access Objects, Remote Data Objects, or ActiveX Data Objects, and 
creation of ActiveX controls and objects [5]. 
2. Methodology 
     The new program has some features that are not available in other programs such as Electric Drawing. The 
equations that have been used in the program are [6]: 
ܧ௣௩ ൌ
ܧ௅஽
ܧ௙௙ሺ௜௡௩ሻܺܧ௙௙ሺ௖௛௔௥௚ሻܺܧ௙௙ሺ௉௏ሻ 
     Where ܧ௣௩ is the energy that must be generated from the PV modules, ܧ௅஽ is the energy consumption (loads), 
ܧ௙௙ሺ௜௡௩ሻ is the efficiency of inverter, ܧ௙௙ሺ௖௛௔௥௚ሻ is the efficiency of charger and ܧ௙௙ሺ௉௏ሻ is the efficiency of solar 
module. 
ܣ௣௩ ൌ
ܧ௉௏ሺ௜௡ሻ
ܧ௦௥  
Where ܣ௣௩ is the area of PV array, ܧ௦௥ is the solar radiation of Iraq. 
௣ܲ௩ ൌ ܲ ௌ்ܵ஼ܺܣ௣௩ܺܧ௙௙ሺ௉௏ሻܺܵܨ 
     Where ௣ܲ௩ is the peak power of PV, ܲ ௌ்ܵ஼ is the solar Irradiance (Intensity) in standard test conditions and ܵܨ is 
the safety factor for losses. 
ܥܤ ൌ ܧ௅஽ܧ௙௙ሺ஻௔௧ሻܺܦܱܦܺ ஻ܸ 
     Where ܥܤ is the capacity of battery needed for one day autonomy, ܧ௙௙ሺ஻௔௧ሻ is the efficiency of battery, ܦܱܦ is the 
depth of discharge and ஻ܸ is the voltage of battery. 
ܵܥܥܴ ൌ ܫ௦௖ܺ݊ݑܾ݉݁ݎ݋݂ݏݐݎ݅݊݃ܺܵܨ 
Where ܵܥܥܴ is the solar charge controller rating and ܫ௦௖ is the short circuit current. 
ܫܵ ൌ ܶ݋ݐ݈ܽ݌݋ݓ݁ݎܺܵܨ 
     Where ܫܵ is the inverter sizing. At first the program has been designed to ask for the (Access Information) such as 
Designer username and password as shown in figure (1).  
 
 
 
 
Figure (1): Access Information 
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     The second window has been designed to ask for the (Design Information) such as Designer name, Project name, 
Project Number and all Design parameters as shown in figure (2).  
 
 
 
 
 
 
 
     Design parameters are very important in the design and these parameters are Efficiency of Inverter, Efficiency of 
Charger, Tolerance of Solar Panel, Solar Irradiance in Standard Test Condition (STC), Days of Autonomy, Efficiency 
of Battery, Depth of Discharge, the Loads type (AC or DC), Losses Factors, and System Type (Fixed or Tracking). 
For the losses factor there are 3 main factors each one has it percentage effect on the safety factor of the design.  
     The third window is about (Loads Calculation) in term of loads name, quantity, power, hours per summer day, days 
per summer week, hours per winter day and days per winter week as shown in figure (3), also it is the first step of the 
main design. The results of this window are the total power of each load and total power of all load, and the total 
energy of each load and total energy of all load for summer and winter. Also there is an option for each load and a 
note say that if the load has initial start then check box which mean loads with initial start affect the design, which will 
take in consider to increase the inverter size. 
 
 
 
 
 
 
 
     The forth window consists of 4 Steps for (PV Design and Calculation) as shown in figure (4). The second step of 
the design is about the PV module calculations. There are two parameters important in this step the first one is the 
safety factor of PV module losses which has been calculated from the second window choices about the losses and the 
second one is the average irradiation along year. In term of average irradiation there is a command for Nasa Data 
 
Figure (3): Loads Calculation 
Figure (2): PV Design Information 
 
 Basheer Noaman Hussein et al. /  Energy Procedia  36 ( 2013 )  852 – 861 855
 
which consists of all NASA reading for Baghdad and all other provinces as shown in figure (5), also it can calculate 
the average of any months you select. After entering these two parameters, the program will calculate the daily solar 
energy, the area of PV array and the peak power of PV. Then after a choice from list of PV modules available in Iraq 
companies and Iraq shops and from a list of PV system voltage, and the mechanical structure type (One degree or Two 
degree) the program will calculate the number of PV modules needed with the detail of how many series and how 
many parallel depends on system voltage. Also there is an option in the list to enter the PV power, voltage and current 
manually. At last the electric drawing of PV modules will be ready to print with all information of designer and 
project as shown in figure (6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     The third step of the design is about the battery calculations; the program will calculate the capacity of batteries 
with and without Autonomy calculations. Then after a choice from list of batteries in Iraq companies and Iraq shops, 
the program will calculate the number of batteries needed with the detail of how many series and how many parallel 
depends on system voltage. Also there is an option in the list to enter the battery capacity and voltage manually. In 
addition to this step there is a choice in the first step about Charger type (PWM or MPPT) and if the MPPT charger 
has been chosen then the designer should select the battery system voltage. Finally the electric drawing of batteries 
will be ready to print with all designer and project detail as shown in figure (7). 
 
 
Figure (4): PV Design and Calculation 
Figure (5): NASA Data 
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     In the second and third steps there is an option of choosing the design criteria in term of basic or performance. As 
an example let say we got 12.5 of 12V modules needed and the system voltage is 12V then the number of PV must be 
12 or 13, these option will lead the design if the choice is basic then the design will take the 12 into the calculation and 
if the choice is performance then the 13 will be taken into calculation. 
     The forth step of the design is about the charge controller sizing; the program will calculate the current size of 
solar charge controller and loads current. Then after a choice from list of charge controllers available in Iraq 
companies and Iraq shops, the program will calculate the number of Charge controller needed. Also there is an option 
in the list to enter the battery capacity and voltage manually. The fifth step is about the Inverter sizing, there are three 
important parameters in the inverter sizing design. The first one is the module short circuit which will be entered 
automatically when you select the PV module from the second step and the second one is the safety factor of inverter 
 
Figure (6): PV Design Drawing 
 
Figure (7): Battery Design Drawing 
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losses. The third one is the loads type if it has initial start or not which will be entered automatically from the first 
step. After entering these three parameters the program will calculate the inverter size. Then depend on system voltage 
a list of inverters will be shown to choose available in Iraq companies and Iraq shops, after choosing from the list the 
program will calculate the number of inverter needed.  
     The sixth step is about wiring calculation in another window as shown in figure (8). This step divided into six 
section, each section calculate the area section of the wire and the fuse rate between modules, combiner box, charger, 
battery, inverter, main board. For each section there are two inputs the first one is the length of the cable and the 
second one is the maximum drop voltage. 
 
 
 
 
 
 
 
 
     There are some command in the forth window does not related to the design steps but each one has it usage. The 
first one is Save which will save all the design detail in order to use it later by using Restore. Also there is the list of 
abbreviation which consists of each abbreviation and its meaning as shown in figure (9). Finally the second window 
contains Arabic form which will be used as a report of all design details. 
 
 
 
 
 
 
 
 
 
    Figure (9): List of Abbreviation 
Figure (8): Wiring Calculations 
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     When a number of PV modules and PV power are available and calculation of the total energy is needed here the 
fifth window (Reverse Design) will be useful as shown in figure (10). The inputs are the PV module power, number 
of PV module, safety factor of PV module losses, average Irradiation, and days of autonomy. The outputs are the total 
energy and the number of battery needed for this design. In addition to Energy calculation it calculate the Irradiation 
in two different way, either from the real measure date as in Irradiation calculation 1 or from another Irradiation with 
different  tilt angle as in Irradiation calculation 2. 
 
 
 
 
 
 
 
 
3. Results and Discussion 
     The results of the program are divided into 6 tables and 3 drawings. All the result will have the designer and project 
details. The first table (Loads Table) consists of the loads table and the parameters table as shown in figure (11). The 
second table (Inputs Table) consists of all the inputs of the design as shown in figure (12).  
 
 
 
 
 
 
 
 
 
 
Figure (11): Loads Table 
    Figure (10): Reverse Design 
Figure (12): Inputs Table 
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     The third table (Output Table) consists of all the output of the design as shown in figure (13). The forth table 
(Detail Table) consists of the PV and battery chosen with all their details as shown in figure (14). The fifth table 
consists of the charge controller and inverter and all the wiring sizing and fuses that had been chosen in the design as 
shown in figure (15). The sixth table (Cost Table) consists of the cost of all system components with the total cost as 
shown in figure (16).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     The first drawing (Overall Design Drawing) is about all the overall block diagram of the design with full details 
as shown in figure (17). The last two drawing are the (PV Design Drawing) and (Battery Design Drawing) as shown 
in figure (6 and 7). All the figures (6, 7, 11, 12, 13, 14, 15, 16, 17) printed out as A4 size present the design document 
Figure (13): Outputs Table 
Figure (15): Detail Table part 2 
Figure (14): Detail Table part 1 
Figure (16): Cost Table 
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report had an example of solar power system capable of generating 12 kWh/Day which had been designed, 
implemented and tested in Ministry of Science and Technology with successful results. One of the best features that 
this program have is to analyze the results in terms of average energy generated per day on every month along the year 
as shown in figure (18) and it can draw a graph of this average energy as shown in figure (19). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (17): Overall Design Drawing 
 
Figure (18): Analyzing the Result 
 
Figure (19): Average Generated energy on each month 
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From the figure (18) we can compare the program analyze results with  real data measured along the year as shown in 
table (1), we can conclude that the design result are very similar to the real situation of Iraq. 
                     Month    
Type           
Jan 
(kW) 
Feb 
(kW) 
Mar 
(kW) 
Apr 
(kW) 
May 
(kW) 
June 
(kW) 
July 
(kW) 
Aug 
(kW) 
Sep 
(kW) 
Oct 
(kW) 
Nov 
(kW) 
Dec 
(kW) 
Theoretical 
33º 
7237 8837 10121 10474 11479 12874 12335 12335 11702 9004 6697 6400 
Experimental 
33º 
7820 8460 9460 10180 11640 12450 12580 12460 10470 9330 7490 7210 
Error 
Calculation 
+583 -377 -661 -294 +161 -424 +245 +125 -1232 +326 +793 +810 
 
4. Conclusion 
This paper has presented new software with new features not available in other Photovoltaic software such as 
Electrical Drawing, Editing of Design Parameters depending on the designer information and the installing place 
average irradiation, designing and analyzing Off-Grid PV systems which will notify you if there is any problem with 
the designed PV system, the real cost of the designed Off-Grid PV system because all the prices from Iraq markets, 
Reverse Design. PVSD has been designed based on photovoltaic design equations and it has been verified with real 
data from solar power system installed and tested in Ministry of Science and Technology. Also it save a lot of time in 
designing and evaluating any Off-Grid PV system and it deliver a full design document in short time by one designer 
which other software cannot deliver. In addition it can be easily used by any person without high knowledge to design 
an electric Off-Grid PV system. At last it can be developed in to software that design Off-grid, On-Grid and Hybrid 
systems 
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